Absrtact. Metal complexes were synthesized on the basis of the copolymers of radiation grafted poly-4-vinylpyridine onto polyethene and polytetrafluoroethene. The formation of the complexes was carried out in solutions of the following salts: FeCl3·6H2O, CoCl2·6H2O, VOSO4·5H2O, Na2MoO4·2H2O and Na2WO4·2H2O. The introduction of metal ions depended on the degree of grafting of 4-vinylpyridine and it was found to be from 0.03 to 14.96 and from 0.11 to 34.48 mg metal ions per g of polymer carrier for polytetrafluoroethene and polyethene, respectively. The influence of the metal ion nature on the electrochemical characteristics of nitrogen-containing copolymers was studied. The specific electric resistance of the polymer metal complexes was found to depend on the nature of the metal ion and its content in the complex. The metal complexes obtained had lower electric resistance than the initial copolymers. This can be explained with the fact that the chelate agents (salts of metals with variable valence) have free ions and electron mobility which improve the electric conductivity of the materials obtained and have a good prospect in many fields as functional polymer. The tensile characteristics of the polymer complexes of heavy metals were also affected by the nature and contents of the ions introduced.
Introduction
Recently, the polymer-metal complexes attracted the interest of many researchers due to their valuable electric, mechanical and thermal properties and the possibilities for their use as immobilized catalysts in various processes. The use of polymer carrier allows combining the properties of the matrix with the complex-forming ability of the ligands and reveals new perspectives for the design of new materials with an interesting complex of properties. Radiation initiated grafting is a wide field of polymer chemistry with numerous potential applications of industrial interest. 4-vinylpyridine (4VP) is a monomer polymerizing under initiation by radiation. The surface modification of polymer materials by radiation grafting of this monomer provides possibilities to prepare grafted polymers. Poly-4-vinylpyridine (P4VP) and its copolymers are known for their versatility of the possible applications. The copolymer materials based on P4VP are used as membranes for retention of heavy metals [1] [2] [3] , carriers for immobilization of biologically active substances [4] , preparation of polymer adsorbents [5] , polymer metal complexes with catalytically active centers [6] [7] [8] [9] etc. The grafted poly-4-vinylpyridine forms stable complexes with transition metal ions and ions of metals of higher valence. The presence of nitrogen containing functional groups leads to formation of metal complexes when treated with solutions of heavy metal salts. The reactions of co-ordination of the polymer ligands with metal ion and the formation of new structures have been studied mainly by spectroscopic methods [10] [11] [12] . The introduction of a metal in the polymer chain provokes changes in polymer behavior and its surface morphology. The polymer-metal complexes contain polymer ligand which has specific structure where the central metal ions are surrounded by different polymer chains. [13] . In the present work, a modern method was used to obtain nitrogen containing copolymers -radiation grafting -which does not require the presence of initiators, allows carrying out the process in wide temperature interval and at high rates. The latter can be easily controlled by varying the dose rate. Besides, the method of radiation grafting ensures purity of the copolymers obtained. The metal complexes of the nitrogen containing copolymers synthesized by the method described above were studied in the reaction of cyclohexene oxidation with tert-butylhydroperoxide [14] . The present paper reports for the preparation of the metal complexes of radiation grafted nitrogen containing copolymers. The aim of the paper is to determine the electrochemical and physicochemical properties of the complexes between polyethene or polytetrafluoroethene and grafted poly- 
Preparation of graft copolymers
The poly-4-vinylpyridine copolymers (LDPEgraft-P4VP and PTFE-graft-P4VP) were obtained by radiation graft-copolymerization of 4-vinylpyridine (BASF, Germany) onto polyethene and polytetrafluoroethene films using the direct method of batch irradiation with post-effect. The irradiation was carried out with γ-rays from 60 Co source at dose rate of 3.5 KGy/h and doses from 1 to 35 KGy [15] . The polymer films were immersed in 240 cm 3 of 40 mass% methanol solution of the corresponding monomer placed in 250 cm 3 glass reactor. The grafting copolymerization was carried out in inert medium. The polymerization time was 2 h after each exposition and polymerization temperature was 288 K. Mohr's salt in concentration 1.5 mass% vs the methanol-monomer solution was used as inhibitor of the homopolymerization. After irradiation, the films were washed with methanol and extracted with methanol for 24 h to remove unreacted 4-vinylpyridine and its homopolymer. The copolymers obtained were dried in vacuum at 343 K until constant mass. The nitrogen containing copolymers used for the formation of complexes were with grafting degrees of 4VP from 17.1 to 74.5 mass% for polyethene and from 0.7 to 13.4 mass% for polytetrafluoroethene, respectively.
Synthesis of grafted copolymer-metal complexes
The preparation of grafted copolymer-metal complexes was carried out by treatment with 0. The treated copolymer-metal complexes were dried under vacuum at 323 K to constant mass.
Determination of metal ions content in the polymer complexes
The amount of metal ions bonded to the polymer matrix was determined spectrophotometrically on a UV/VIS Spectrometer UNIGAN 8625 at the wavelengths (λ max [nm] were added to 10 cm 3 of the solution studied. The mixture was homogenized and the extinction at λ max = 620 nm was measured.
Determination of the amount of iron contained in the polymer complexes
To obtain the standard straight line, a 1 cm 3 standard solution containing 0.1 mg Fe 3+ was prepared. For this purpose, 0.49 g FeCl 3 ·6H 2 O was dissolved in 1000 cm 3 H 2 O. The extinctions of 8-10 samples containing different amounts of iron were measured at λ max = 470 nm. The iron was extracted from the polymer complex using HCl. Exactly measured sample was inundated with 10 cm 3 aqueous solution of HCl (1:3), then 5 cm 3 10 mass% solution of sulphosalicyl acid C 7 H 6 O 6 S·2H 2 O were added, followed by 5 cm 3 buffer solution (2NH 3 :3H 2 O) to stop the observed change of solution shade. Fe 3+ was determined as iron disalcylate. The solution volume was increased to 50 cm 3 by adding distilled water, it was homogenized and the intensity of the coloring at λ max = 470 nm was measured. 
Determination of the amount of tungsten in the polymer complexes

Determination of the amount of molybdenum in the polymer complexes
The interaction between the molybdenum salts with rodanide ions in the presence of a reducing agent gives several molybdenum-rodanide complexes, among which Mo(CNS) 5 has the most intense color. Therefore, aqueous solution of ammonium paramolybdate (NH 4 ) 6 Mo 7 O 24 ·4H 2 O with concentration of 0.184 g/l was prepared from which 1-10 drops were taken and added into 100 cm 3 measuring flask. Then 35 cm 3 HCl (1:3), 3 cm 3 20 mass% solution of KCNS, 1g KJ and 1 cm 3 freshly prepared 1 mass% solution of Na 2 S 2 O 3 were added. The flask was vigorously agitated after adding each solution. The solution volume was increased to the mark by adding HCl and the extinction was measured after 10 min. Standard straight line was drawn describing the dependence between the extinction and mol concentration in the range 1-10 mg/l. Further, exactly measured sample was placed in 100 cm 3 flask and 35 cm 3 aqueous solution of HCl (1:3) were added. The solution was stored for 24 h to eluate Mo, then it was treated by the method described above. The extinction was measured at λ max = 460 nm. 
Determination of the amount of vanadium in the polymer complexes
. Specific electric resistance
The specific electric resistance (R [ohm·m]) was determined by the mercury contact method [17] . The complexes fixed between the two compartments of a laboratory cell filled with mercury. The contact area of samples with mercury was 10 -4 ·m 2 . Platinum electrodes were connected to a conductometer (OK-102/1, Hungary) The specific electric resistance (R) was calculated as the reciprocal value of the electric conductivity (γ) (Equations (1) and (2)):
where γ -specific electric conductivity [S/m]; χ -measured electric conductivity [S]; d -thickness of the metal complexes of the radiation grafted copolymers [m].
2.5.2.Tensile properties
The tensile strength (σ [MPa]) and elongation (ε [%]) of wet film samples and metal complexes were determined according to ASTM D882 on an 'Instron' 4203 instrument at temperature of 293 K and velocity of 100 mm/min (for PTFE) and 50 mm/min (for LDPE).
Thermal analysis
The thermal properties of the polymers and their metal complexes were determined on an OD-102 derivatograph type, system F. Paulik-J. Paulik-L. Erdey (MOM, Budapest, Hungary) by TG curves and following conditions: rate of heating 6 K/min, temperature range 293-873 K, amount of samples 100±0.5 mg in air medium.
Results and discussion
Radiation initiated graft polymerization is of scientific interest in polymer chemistry due to the possibilities it offers for practical implementation of the materials obtained. By direct irradiation from 60 Co γ-source, copolymers based on LDPE-graft-P4VP and PTFE-graft-P4VP were synthesized with degrees of 4VP grafting from 17.1 to 74.5% and from 0.7 to 13.4%, respectively. Methanol solution of the monomer with concentration 40 mass% was used. The basic characteristics of the copolymers synthesized as ion-exchange membranes were reported in previous papers [15] . ). The mechanism of the formation of the 'polymer ions' by the reaction of molybdenyl, vanadyl and tungstenyl ones with -O-atoms was studied and described in our earlier paper [16] . ). Based on our previous studies [14] and literary data [10, 19] , the probable co-ordination structure of the compounds obtained is shown in Figures 1 and 2 Table 1 . As can be seen, the vanadyl ions showed the highest affinity to co-ordination: 34.48 and 14.96 mg metal/g polymer carrier for LDPEgraft-P4VP (P = 74.5%) and PTFE-graft-P4VP (P = 13.4%), respectively. The amount of the metal ions bonded to the nitrogen ligand increased with the increase of the grafting degree. The co-ordination structure of the metal complexes was analyzed using IR, Moessbauer spectroscopy and EPR in our earlier paper [14] . The content of hydrophilic groups in the grafted polymer-metal complexes stipulates their swelling in electrolytes and has strong effect on their specific electric conductivity. 
Table1. Content of metal ions in PE-graft-P4VP and PTFE-graft-P4VP [mg metal/g] polymer carrier
Polymer The change of the values of the specific electric resistance of the different complexes can be explained also with the affinity of each metal ion to formation of complexes. The metal ion changes the number of hydrophilic groups in the film and, as a result, affects materials resistance. The influences of the metal ion nature and degree of oxidation to R can be described as follows: LDPE-graft-P4VP > LDPE-graft-P4VP-Co 2+ > LDPE-graft-P4VP- . The materials obtained had lower electric resistance than that of the initial unmodified copolymers. These results can be explained with the fact that the chelating agents (salts of metals of variable valence) have free ions and electron mobility which improve their electric conductivity. Similar investigation on the specific electric resistance of metal complexes based on poly-4-vinylpyridine grafted onto polytetrafluoroethene films were also carried out. For polytetrafluoroethene, which is an excellent dielectric, the values of the specific electric resistance changed from 10 8 for the initial copolymer PTFE-graft-P4VP to 10 3 Ω·m for the metal complexes with transition metals and the metals with variable valence ( Table 2 ). The data from DTA analyses of the grafted copolymers of PE with degree of P4VP grafting 74.5%, PTFE with degree of P4VP grafting 8.1% and their metal complexes showed that the thermooxidative destruction occurs in two stages: primary thermooxidative destruction of the side chains of grafted P4VP followed by destruction of PE or PTFE polymer matrix. The complexes of all samples did not form a separate phase which would have its own stage of decomposition and, therefore, had similar melting temperatures. The starting decomposion temperature of PE and PTFE metal complexes with W and V was by 15-20 K higher than that of the initial copolymers with the same degree of P4VP grafting - Table 3 . It could be suggested that 'cross-linking' takes place between the metal ions and the polymer carrier. For the complexes of PE-graft-P4VP with W and Mo, the first exothermal peak of destruction was shifted to higher temperatures (545-558 K), than that of the initial PE-graft-P4VP (520 K). This exothermal peak is due to the primary oxidation of PE, where hydroperoxides are accumulated without weight loss. Therefore, the complexes had the necessary 590 Turmanova -eXPRESS Polymer Letters Vol.1, No.9 (2007) thermal stability and could be used as catalysts in reactions carried out in the temperature interval 293-383 K and 293-526 K (for metal complexes based on of PE and PTFE, respectively). The physicomechanical properties of LDPE-graft-P4VP and PTFE-graft-P4VP copolymers and their complexes with heavy metals are illustrated in Figures 4-7 , respectively. The metal complexes of LDPE-graft-P4VP showed clearly a tendency to increase of σ from 25 to 29 MPa at grafting degrees P = 60%. This increase was probably due to the formation of intermolecular associates (clusters) and additional 'cross-linking' of polymer molecules by the metal ions. At grafting degrees higher than 69% (higher content of metal ions, respectively), the mechanical strength slightly decreased. This observation can be explained with the simultaneous effects of the following factors: heterogeneity of the process of grafting, generation of stresses within the polymer matrix and decrease of the grafted layer thickness. Besides, the tensile strength of the grafted copolymers and their metal complexes measured at P = 69.0% changed in the following order: LDPEgraft-P4VP < LDPE-graft-P4VP-Co 2+ < LDPE-
. These results correlate well with the stability of the chelate complexes. The metal complexes of PTFE-graft-P4VP showed increased strength at increased content of bonded metal (degree of grafting, respectively). Processes of radiation destruction were observed in this polymer because of the high irradiation doses, which worsened its mechanical properties. The nature of the metal ion involved exerted effect on the . For all the polymer complexes studied, the elongation decreased with the increase of the degree of grafting which can be explained with the formation of physical nodes of ion associates. Another probable reason for the loss of elasticity could be related to the formation of cross-linked intra-and intermolecular structures involving the heavy metal ions present in the material. The elongation at break (ε [%]) of all the metal complexes studied decreased with the increase of the degree of grafting. It changed from 290 to 170% for the complexes of LDPE-graft-P4VP and from 28 to 4% for the metal complexes of PTFE-graft-P4VP (remaining almost the same at degree of grafting 5%) - Figures 6 and 7. 
Conclusions
Metal complexes of radiation-grafted nitrogen-containing copolymers were obtained using radiation grafted poly-4-vinylpyridine onto films of polyethene and polytetrafluoroethene by forming complexes with solutions of the following salts: The introduction of metal ions in the copolymers was found to be from 0.03 to 34.48 mg metal/g and depended on the ion nature and its content in the complex. The formation of complexes with metal ions improved the electrochemical properties of the films compared to the initial copolymers. The materials obtained had electric resistance ranging from 10 8 to 10 3 Ω·m. The mechanical strength was found to increase to 29 MPa at grafting degree of 69.0% for the metal complexes of LDPE-graft-P4VP and to 27.5 MPa at grafting degree 8.2% for metal complexes of PTFE-graft-P4VP. For all the polymer metal complexes studied, the increase of the amount of metal ions in the polymer matrix resulted in a decrease of the elongation at break. 
